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Abstract 
Innovation is nothing new to sport, but represents everything that is ‘new’ and adopted to facilitate a competitive advantage. In 
the sport context, innovations that are solutions to a pre-identified problem or need are critical to developing sport and for 
maximising the experiences and performances of individuals and organisations. Advances in sport technology are part of the 
growing global sports and recreation industry, and at the individual level, technology innovation is changing the way that we
practice and connect with sport. In this paper, we apply a model for programmed innovation in sport to an elite sport setting 
with a particular focus on team sports. Using a qualitative methodology we explore the perceptions of key stakeholders (such as 
sport managers, coaches, athletes, and science and engineering researchers) to investigate needs for technology innovation. The 
results demonstrate areas of key opportunity for technology innovation in the research and commercialisation context. 
© 2014 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Science and technology have rapidly progressed sport and are instrumental to providing athletes with a 
competitive advantage (Liu and Ding, 2000). In particular, technology has advanced both individual and team 
sports, and the performance of athletes in training and competitive environments. For instance, in recent years new 
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software has been applied in sport to improve the game. Athlete performance is monitored using computer software 
and the resultant data are used to improve individual and team ability across a wide range of sports. The Hawk-Eye 
system for cricket, for example, provide accurate and precise replays of matches (or match segments) to assist the 
decision-making processes of officials and reduce the degree of human error. Such technology has been a crucial 
component in determining whether a team wins or loses (Singh Bal and Dureja, 2012). However, the application or 
adoption of technology in sport is highly dependent upon the capability of a sport organsiation to support an 
innovation which is often influenced by the organisation’s economic structure (eg availability of funding, 
sponsoring and administration) (Erdmann, 2008). FIFA provides a recent example, where the introduction of the 
goal-line technology in the 2013/2014 season (ie full installation of the ‘Hawk-Eye’ system) was estimated at a cost 
of £250,000 per football field, however, due to the high-cost of implementing goal-line technology, it was only 
introduced in the English Premier League competition rather than all leagues (Mirror, 2013). 
 
Despite the potential benefits of technology innovations, many sports remain slow to adopt new technologies 
(Smith and Stewart, 2010; Trabal, 2008). Cummins and colleagues (2013) conducted a systematic review on the 
reported use of GPS related data and identified that association Football uses GPS more extensively than any other 
team sport such as Hockey, Lacrosse, Cricket and Netball (Cummins, Orr, O’Connor and West, 2013). As seen in 
association Football, the use of GPS can help coaches and athletes understand formations of play, assist with data 
recording and review of previous play, and ultimately improve overall team performance. Yet, a systematic review 
of the application of technology to individual and team sports, and in particular indoor team sports, has rarely been 
conducted. Further, little research has reported key stakeholders’ perceptions of need for technology and process 
innovations in sport settings. In one study, a technology needs assessment was conducted for the sport of 
swimming (stakeholder and context-driven) to identify a range of performance metrics to assist in the integration of 
existing research with evolving inertial sensor technology (Ride, Ringuet, Rowlands, Lee and James, 2013). The 
study revealed the importance of conducting a user-need assessment and analysis for technology innovation in 
sport. The present study extends this work by investigating the need for technology innovation in indoor team 
sports based on the perceptions of key stakeholders (such as sport managers, coaches, athletes, and science and 
engineering researchers). We apply the model for programmed innovation in sport (Ringuet-Riot, Hahn, and James 
2014), to identify and understand (1) innovative practice and current use of technology in team sport, (2) barriers to 
innovation and to the use of technology in indoor team sports and (3) opportunities for technology innovation in 
indoor team sports. For the purpose of this investigation, we describe indoor team sports as those that are practiced 
in closed environments and where the conditions (e.g., temperature, weather, playground) are better controlled and 
more stable than outdoor team sports. 
  
2. Methodology 
To address the research aims, we applied a qualitative research methodology to explore the meaning that 
participants give to the topic of enquiry and to explore the key themes and concepts fully. Interviews were used to 
highlight unforeseen considerations and allow participants to raise points relevant to the topic without being 
constrained by pre-determined categorizations that could limit the field of enquiry (Bowling, 2002). The meanings 
of key themes and concepts were uncovered by addressing “how” and “why” particular needs are prioritized. 
Purposive sampling was used to select stakeholders that were information-rich cases about the core issue of interest 
(Patton, 2002). Five participants agreed to participate in the study including elite athletes, coaches, and specialists 
in technology (engineers/researchers/manager), involved in the sport of basketball and volleyball. The athletes 
were elite level volleyball players and both had performed in sub-elite levels of basketball. The coach was an elite 
level coach with experience across 3 indoor team sports. The manager has been involved in indoor team sports as a 
participant and researcher with expertise in volleyball and basketball. The engineer/researcher had been involved 
in elite levels of sport for over 10 years, with a focus on indoor team sports. Semi-structured interviews, using 
open-ended questions, allowed participants to express current knowledge of the technology used in their sport (and 
other indoor team sports), and ideas for future application. As with any qualitative research, the generalisability of 
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these data to other sports and settings is duly acknowledged. The interview schedule consisted of four sections 
(technology and innovation literacy, innovative practice and current use of technology, future needs and wants, and 
final comments). Interviews were voice recorded (with the consent of participants) and transcribed verbatim. The 
data analysis process involved coding raw data, devising categories, and generating common themes through a 
process of examination, comparison, reflection and conceptualisation (Miles and Huberman, 1994; Strauss and 
Corbin, 1998). Inter-rater reliability was established when both experimenters came to an agreement about which 
phenomena was relevant. 
3. Results 
The following tables provide an overview of the findings derived from the data coding and interpretation 
processes. Classified under three topics, the results include participants’ perceptions of technology innovation 
currently used in team sports (Table 1), barriers to innovation and to the use of technology in indoor team sports 
(Table 2), and opportunities for technology innovation in indoor team sports with a focus on Basketball and 
Volleyball (Table 3). 
 
3.1 Innovative practice and current use of technology in team sport 
 
Participants identified a range of products used within indoor and outdoor team sports. Overall, tracking devices 
and performance monitoring systems (eg ‘HotSpot’ in Indoor Cricket; ‘EVO ONE’ in Basketball) were reported as 
the most extensively used devices in indoor team sports (Table 1). In terms of perceptions of personal levels of 
“innovativeness”, on a scale of 1 to 5 (with 5 being highly innovative), participants classified themselves as 
medium to high. Overall, participants defined technology as a tangible or intangible tool or part of a process. 
However, many participants failed to articulate innovation as the introduction or adoption of a new idea on to the 
market place. Two participants explained that innovation and technology were interchangeable. Only one 
participant described innovation as ‘proving it has some applicability and that it can be useful’, which is in line 
with well-established definitions of innovation (eg Damanpour, 1992; Garcia and Calantone, 2003).  
Table 1. Technology innovation currently used in team sports: participants’ perceptions. 
Higher Order Theme  Key theme / examples Frequency 
(number of 
times 
reported by 
participants) 
Athlete tracking systems; feedback devices GPS; visuals aids to track offense/defense plays; video analysis 5 
Performance monitoring systems 
Decision review systems 
Recovery and injury prevention systems 
Competition based performance analysis 
Equipment and apparel  
Wireless bluetooth 
Hotspot; Hawk-Eye 
 
 
Sensors in balls to monitor dribbling and shooting angle; ‘EVO 
1’; ‘99Fifty’; Sensors in shoes to measure force and impact 
4 
2 
2 
1 
2 
   
 
3.2 Barriers to innovation and to the use of technology in indoor team sports  
 
Participants reported that the indoor environment restricted the application of some technology innovations (eg 
GPS). Organizational limitations was identified as a major barrier to the use of technology in indoor team sports 
with particular emphasis made on the high-cost of technology innovations. Others identified that the sport 
administrator’s age and resistance to the use of technology in competitions, slowed the adoption of technology and 
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innovation in indoor team sports. Yet, the increasing younger demographic in sport was becoming a strong 
influence on the use of technology and its acceptance into traditional sports. The difficulties associated with the 
interpretation of data and a lack of user-friendly technologies was reported as a significant barrier to technology 
innovation uptake in indoor team sports (Table 2).  
Table 2. Barriers to innovation and to the use of technology in indoor team sports. 
Higher Order Theme  Key theme / examples Frequency 
(number of 
times reported 
by participants) 
Organisational limitations Government regulations 1 
 Cost / expense 5 
Indoor environment and 
technical issues 
 
 
 
 
Acceptance 
GPS unusable 
Radio-frequency interruptions 
Reliability and validity of devices 
Feedback to user is too slow 
Data interpretation is too difficult/complicated for end-user; lack of customized 
and comprehensive data; high volume of data 
Sport traditions; interferes with natural game elements & competition structure 
Manager, coach and athlete willingness to adopt new technology 
Generational differences (age) 
Athlete compliance with tracking systems 
Distraction and internal stress for athletes 
 
1 
1 
1 
3 
5 
 
2 
1 
2 
1 
1 
 
3.3 Opportunities for technology innovation in indoor team sports 
 
Athlete tracking devices for indoor team sports were identified as a significant need by most participants. Indoor 
GPS technology that does not require the use of satellites would facilitate performance by providing accurate data 
on athlete’s acceleration, velocity, location and distance. Participants also reported the need for feedback systems 
(eg fatigue indicators, concentration monitoring or action replay) to target a reduction in injury and to improve 
overall safety (Table 3). One participant highlighted the need for a multi-functional feedback device that enables 
athletes to receive information in different formats that caters for all learning styles (i.e. visual/ auditory/ tactile/ 
reading- writing preferences). 
4. Discussion 
For indoor team sports, the indoor environment posed considerable constraints to technology innovation uptake. 
For instance, the use of GPS in sport is wide-spread and well-established as a beneficial tool for performers and 
support staff, however is not currently applicable to indoor-settings. The development of a new method to collect 
GPS like data provides an opportunity to address this barrier and cater to the needs of indoor team sports. Other 
barriers to innovation and technology uptake were similar to the barriers facing other sports. For instance, the high-
cost of technology innovation adoption and implementation, and difficulties in data interpretation and using 
technologies were identified as “stumbling blocks” to the use of technology. In one investigation of the barriers to 
technological advances (Baca, Dabnichki, Heller and Kornfeind, 2009) coaches and athletes reported the need for 
greater standardization in measurements to make sense of data and embrace new developments. Further, Sanz and 
Terroba (2012) report that the interpretation of data is key to a tennis players’ development. From this investigation 
of indoor team sports, we identified that coaches and support staff need to be more aware of the technologies by 
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being involved in the innovation process. By engaging in needs assessment and analysis processes, coaches and 
support staff can learn more about the devices through knowledge sharing and uptake of new developments.  
Table 3. Opportunities for technology innovation in indoor team sports with a focus on Basketball and Volleyball. 
Higher Order Theme  Key themes / examples Frequency (number of times 
reported by participants) 
Monitoring and tracking devices Real-time data; live feed of player position 
Ball position 
Pass movements  
Shooting angles 
Ball-hogging indicators 
Comparing match load to training load 
 
4 
2 
2 
2 
1 
1 
Feedback and communication 
devices 
Multi-functional device to cater for learning styles; 
smart whiteboard 
Coach to coach communication devices 
Player to fan interaction 
Statistical recording 
Decision review system 
2 
 
1 
1 
1 
2 
Seamless integration of technology  
Workload monitoring and injury 
prevention 
Reduce technology interference with game play 
Concussion; fatigue and concentration indicators 
1 
5 
 
By conducting the need assessment for indoor team sports, we have identified suitable solutions to address 
requirements. In terms of athlete tracking devices, Hedley and Thuraiappah’s (2012) ‘WASP’ device could be a 
cheap, effective, and accurate tool for tracking players indoors. Other organizations such as ‘Catapult’ are ready to 
launch their new wearable/ portable tracking system that does not require the use of satellite. In terms of feedback 
systems, Dario et al. (2002) reviewed different feedback systems and their ability to enhance an athlete’s skill 
acquisition level and overall performance. While not specific to indoor team sports, research suggests that sources 
of feedback should match each athlete’s learning styles and should be tailored to address their stage of 
development (eg beginner, intermediate and autonomous) (Schmidt, Lange and Young, 1990; Winstein and 
Schmidt 1990). However, existing feedback technologies are unlikely to address individual athlete’s 
developmental needs at stages of development. In the present study, one participant highlighted the need for a 
multi-functional feedback device that enables athletes to receive information in different formats that caters for all 
learning styles (i.e. visual/ auditory/ tactile/ reading- writing preferences). As learning performance is dependent 
upon the type of feedback received and feedback channels (Magill, 1997; Shea and Wulf, 1999), the development 
of a multi-functional feedback device could be particularly relevant to the indoor closed sports environment. This 
raises an important consideration concerning participants’ perceptions of the need to address workload monitoring 
and injury prevention through technology innovation. Injuries related to concussion and fatigue were reported to be 
significant issues in indoor-team sports. Research and development in this area could make a strong contribution to 
the development and performance of athletes.  
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5. Conclusion 
This investigation analysed the perceptions of key stakeholders in indoor team sports to identify the technology 
innovations currently used, understand the barriers to innovation and to the use of technology, and identify 
opportunities for technology innovation. Overall, the investigation revealed the importance of transferring useful 
information (ie usable data) to users in the field (eg athlete, coach) particularly in relation to live-monitoring of 
athlete positioning. The investigation also established the need for technology innovation to target athlete’s welfare 
and injury prevention, and to consider opportunities to embrace the closed-nature of the indoor sports environment. 
By using the approach of a programmed investigation of user needs we have identified areas to enhance 
development and performance in indoor team sports. Yet, despite the exponential growth of technology expansion 
many technologies are costly and not widely available (Almus and Nerlinger, 1999). This could be addressed by 
facilitating greater collaborations and partnership among sports and technological companies/institutes to increase 
the awareness of current research and developments in sporting products across all sectors of sport (ie recreational 
and elite). 
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